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Today’s Presenters

Bob Slettehaugh- Project Manager/CO2 Capture

¯ Andy Byers- Regulatory Issues

Matt Wood- Plant Improvements

Matt Hunsaker- Renewable Energy
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Black & Veatch Corporation
¯ Founded in 1915, headquarters in Kansas City

¯ A leading global engineering,
construction company

consulting, and

¯ Focus on infrastructure development in energy, water,
information, and government markets

¯ Employee-owned company with more than 90 offices
worldwide

Over 9,000 Employees Worldwide

¯ Project Experience in Over 100 Countries on
6 Continents

¯ $3.2 Billion in Annual Revenues in 2007



B&V Energy offers a broad range of solutions for
a global client base

Palmdale

Weston

¯

¯

¯

¯

¯

¯

¯

¯

¯

¯

0

¯

Coal Plants
Gas Turbines
Combined Cycle
Gasification /IGCC
Nuclear
Renewables
AQCS
Energy Services
Power Delivery
Substations
Sulfur Recovery
Natural Gas
Processing
LNG

Jefferson-Martin

Costa Azul



We Understand the Entire Life Cycle
of an Energy Project

Preliminary Select
Feasibility Schedules Major

Study Equipment

Detailed
Cost

Estimates

Detailed Project
Engineering Completion

Construction /
Licensing / Systems Project Soils Construction

g Analysis Schedule festing Management

Market Pe Monte Carlo Arrangement Project Startup Beyond
Assessment Support Analysis Drawings Planning

& Controls

Plant Preliminary. System Commercial Operator
Configuration Cost Definitions Contracting Training

Study Estimates Strategies Procurement

Feasibility / Initial
Engineering ~ Conceptual / Definition

Engineering Project Execution
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California GHG Reduction Policies
Executive Order S-3-05 signed June 1, 2005

Sets statewide GHG reduction targets for 2010, 2020, and
2050

Global Warming Solutions Act of 2006 (AB 32)

Enforceable limits beginning in 2012 to cap emissions at 1990
levels by 2020, compliance with market-based mechanisms

Must account for GHG emissions attributable to imported
electricity consumed within the state

Senate Bill 1368 signed September 29, 2006

CEC & California Public Utilities Commission (CPUC)
establish 1,100 Ibs/MWh GHG emission performance
standard for new long-term power purchase agreements
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"Kyoto Protocol"
(a.k.a. International GHG Reduction Treaty)

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

t
Rio BerlinTreaty Mandate1990 by 2000 Inadequate

Commitments

t
Kyoto

Protocol
D~ffereq~.iated

]-argets,
Trading &

CDM

1’
The Hague

& Bonn
Political

Agreement
(2000-2001)

New Delhi
CDM

Operational

Milan
Forestation

SinksMarrakech
Geneva Accords

Declaration Buenos Trading Rules, Buenos
Binding Aires Plan CDM Board, Aires

Targets with Binding Rules for Adaptation
Maxium Schedule for Sinks and to Climate

Flexibility Guidelines Compliance Changes

t
Kyoto

Enters into
Force I

EU Trial ETS

Montreal
Beyond

2012

Developed (Annex I) countries to reduce emissions of six
greenhouse gases 5.2% below 1990 levels by 2008 - 2012



Kyoto Protocol Participation

Signed and ratified

Signed, ratification pending

Signed, ratification declined

No position

Flexibility Mechanisms
Emissions Trading

Joint Implementation

Clean Development Mechanism



European Union ETS

Collective commitment by 27
countries under Kyoto to achieve
8% reduction in GHG emissions
from 1990 levels

¯ ETS to be implemented in three
phases:

~ 2005-2008 - trial "warm-up" phase

~ 2008-2012- Kyoto compliance
phase

® 2013 to 2020- Post Kyoto
commitment



European Union (EU) ETS:
Phase I

Lessons Learned in

¯ National Allocation Plans

Lack of accurate inventory of emissions

= Overallocation of allowances

Inconsistencies in definition of "covered
installation"

Allocations subject to political influence

¯ Result: Market failure COo allowance
prices declined from �30 to �0.1 per ton



EU ETS Lessons Learned

Accuracy of emissions data

Accounting and monitoring

Sufficient scarcity to force investments and trading

Complexity and transparency of trading program

~ Minimization of political interference

Time horizon for compliance

. Banking/transition between phases

Early reductions and compliance planning



Federal GHG Legislation

Multitude of proposed legislative bills
seeking 60% - 90% reductions in GHG
emissions over next three to four decades

Key Issues/Differences

~ Carbon Tax vs. Market-Based Trading

¯ Point of Regulation

. Allocation vs. Auction of Allowances

~ Economy Safety Valve

~ Offsets

¯ States Pre-emption

¯ International Linkage and Developing
Country Participation
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Regional GHG Initiative

Initial Auctions ...... I September 10, 2008 and December 17, 2008
2008

Phase 1
2009 - 2014

Stabilize Power Sector Emissions
Fossil Fuel Generators of _> 25 MW
188 million ton CO2 Regional Cap
State Allocation of Allowances

3 Year Compliance Period

Phase II .......
2015 - 2018

2018 ..........

Reduce Power Sector Emissions
2.5% Annual Decline



Western Climate Initiative Timeline

January 2008 ......I Public Workshop to Identify Major Options

May 2008 ...... ! Present Recommendations on Key Elements

July 2008 ~ ..... I Present the Preferred Integrated Plan for Consideration

August 2008 ---’-" .....
I

Design Regional Market-Based Multi-Sector Mechanism

Goal to Establish Economy-wide Program to Achieve
Aggregate Emissions Reductions of CO2, CH4, N20, HFCs, PFCs, and

SF6 15 percent below 2005 levels by 2020
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AB32 Timeline

July 1, 2007

January 1, 2008

Early Action Measures for Implementation pre-2010
Adopted

Mandatory GHG Emissions F~eporting Adopted

During 2009 --’-- ..... I Emission Reductions and Implementation

During 2010 m|m|||i

January 1, 2009 - Plan to be adopted for how emissions reductions
will be achieved

During 2009 - Language to implement plan drafted

Early Action Measures Take Effect & Continued Rulemaking I

January 1, 2011 "-"- ..... [ Completion of Major Rulemaking Activities

2012 "-’--- ..... I GHG Rules & Market Mechanisms Take EffectJanuary1,

December 31, 2020 ......



Electricity Sector Point of Regulation

¯ Retail Providers

Deliverer / First Seller

¯ In-State Generators

¯ Hybrid Retail/Generator



CA Trading Program - Elements and Considerations

¯ Distribution of Allowances

Allocation vs. Auction

Timing and Frequency

New Entrants

¯ Safety Valve

Offsets

Early Actions
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Approach to Task 1

¯ Design and Operating Data Collection

Day Site Visit; 32 Projects Identified

¯ 32 Projects Screened and Categorized

Capital Improvements

Maintenance Repair/Replace Strategies

Operations Support Systems

Operations Practices (not considered)

Net Benefit Analysis of 18 Projects (@ $20 and $40 per ton)

¯ Project Report and Presentation
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Maximum CO~ Reduction Opportunity (@ $40/ton)

32,000 ton/yr from Currently Planned Projects

-I-

42,000 ton/yr with a Capital Cost of $45.5M

172,000 ton/yr

Rate reduced from 1,950 to 1,925 Ibrn/MWh (1.3%)

¯ 3% of the way to the benchmark of 1,100 Ibrn/MWh



Six Planned Projects

32,000 ton/yr from Currently Planned Projects

Project Description ¯

Closed Loop Combustion Optimization System
Cooling Tower Modifications (Further study required)

C02.Reduction

Replace Primary AH Baskets (Benefit incl in #21 PA Seals)
Generator Rewind
Compressed Air Audit & Repair/Replacement
Modify Pulverizers w/Rotating throat and Static Classifiers
Total

(ton/yr)

18,719
0
0

3,704
5,141
4,445

32,008



Eight New Projects Viable @ $40/ton CO2 Cost

42,000 ton/yr with a Capital Cost of $45.5M

Project Description                       Cost

Modification of PA Air H~ater Sector Plates
and Installation of Duplex Sealing System

Jpgrade IPT Steam Path

Sliding Pressure Operation

iVFD Motor for Condensate Pumps
Cycle Isolation Audit & Valve
Repair/Replacement

LP Turbine Upgrade One Hood

Upgrade BFPT (Blades and Seals)

High Efficiency Motor for Coal Pulverizers

Summary Total (Net Benefit >0 Only)

$418,000

$13,333,000

$o

$1,312,000

$120,000

$27,000,000

$2,000,000

$1,360,000

$45,543,000

CO~ Benefit
, (S/yr)

Reduction
(ton/yr)

26,501

41,597

14,798

7,734

4,160

40,706

4,245

2,422

142,162

$1,060,036

$1,663,874

$591,922

$309,341

$166,387

$1,628,237

$169,802

$96,891

$5,686,491

Heat Rate Heat Rate Aux load -NetBenefit-_.B~eg_k?Ye~ .

Reduction Benefit benefit ($/yr) ’ ¯
Cost

(Btu/kWh) ($/yr). (MW) ~,($/tonCO2)

6 $423,495 2.40

29 $664,735 0.00

10 $236,479 0.00

0 $123,585 1.04

3 $66,473 0.00

28 $650,497 0.00

3 $67,838 0.00

0 $38,709 0.33

79 $2,271,811 3.8 $4,355,006

$0

$o

$10

$o

$o

$29

$22

$37



Five New Projects Viable @ $20/ton CO~ Cost

95,000 ton/yr with a Capital Cost of $15.2M
¯ ¯ ’ ~,- ’ ’ ’ EstCapital ReductionPrOj ~ectDescription ........... Cost ’ ’

Modification of PA Air Heater Sector Plates
and Installation of Duplex Sealing System

Upgrade IPT Steam Path

Sliding Pressure Operation

VFD Motor for Condensate Pumps
Cycle Isolation Audit & Valve
Repair/Replacement

CO= B~nefi~
~ (ton/yr)     ($/yr)

$418,000 26,501 $530,018

$13,333,000 41,597 $831,937

$0 14,798 $295,961

$1,312,000 7,734 $154,670

$120,000 4,160 $83,194

Heat Rate Heat Rate Aux load
Reduction .....Benefit .....:benefR
(Btu/kWh) ($/yr) (MW)~

6 $423,495 2.40

29 $664,735 0.00

10 $236,479 0.00

0 $123,585 1.04

3 $66,473 0.00

Summary Total (let lenefit >O Only) 115,183,000 94,789 11,895,780 48 11,514,767

Breakeven
.--.Net Be~+ef!.t .........Cost-=~-.-

(S/yr)
(S/tonC02)

$o

$o

$1o

$o

$o
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Hydro

Limited hydro opportunities

Best potential site is the upper
Sevier River

Significant opposition to
development would be expected
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Summary

Option

Geothermal
Power

Solar Power

Solar Feedwater
Heating

Wind

Hydro

Renewable Energy Options Comparison.

Near-Term Lev.
Cost of COz
Reduction

(S/ton)

136

230

135

91

111

Near-Term
Potential COz

Reduction (ton/yr)

102,000
(Capacity = 15 MW)

186,000
(Capacity = 100

MW)
104,000

(Capacity = 50 MW)

988,000
(Capacity = 400

MW)
64,000

(Capacity = 15 MW)

First Year
Available

2012

2012

2010

2011

2013

Near-Term
Percent IPP

CO2
Reduction

0.7%

1.3%

0.7%

7.0%

0.5%

Long-Term
Percent IPP

COz
Reduction

0.7%

13.0%

1.5 to 3.0%

21.2%

0.8%



Alternative Fuels

Looked at four different co-firing
options:

1% (direct blend)

~ 10% (separate injection)

20% (new burners installed)

10% natural gas (new igniters
installed)



Alternative Fuels

Alternative Fuel Quantities.

1% biomass
10% biomass
20% biomass
10% natural gas

HeatInput(MBtu/yr)*
1,406,000
14,130,000
28,490,000

Approximate Quantity
220,000 wet tons/yr

2,100,000 wet tons/yr
4,100,000 wet tons/yr

14,160,000 13,800 million standard cubic feet
(scf)/yr

* Based on average IPP generation from 2006 and 2007. Considers Net Plant Heat Rate reduction that
occurs by co-firing alternative fuels with coal.



Alternative Fuels

Co-Firing Options Comparison (With CO2 Penalty).

1%
Biomass

10%
Biomass

20%
Biomass

10%
Natural Gas

Levelized Cost of CO2
Reduction (S/ton)

With
CO2Penalty

41

69

8O

75

Without
CO2 Penalty

35

48

48

75

Potential CO2 Reduction
(ton/yr)

With
CO2Penalty

124,000

1,020,000

1,750,000

Without
CO2 Penalty

146,000

1,460,000

2,900,000

496,000

With
CO2Penalty

Percent IPP CO2 Reduction

Without CO2
Penalty

0.9% 1.0%

7.5%

12.0%

3.5%496,000

10.0%

20.0%

3.5%

Note: Penalty accounts for the CO2 emitted during the harvesting, processing,
and transportation of biomass fuels, as required under CA Senate Bill 1368,
section 8341.
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Carbon Dioxide Capture
Proiect Life Cycle

Preo or Post- Combustion
Exhaust Gas Remova~

and Compression

TRANSPORT
Delivery from Capture

Source to injection Weit

Project
Stationary Source Siting,
Permitting and Operation

Transport Project
Pipeline Routing,

Permitting and Operation

and Storage
Stages

~NJECT~ON
AND

Subsurface injection
Storage and LongoTerm

Stewardship

~,.o,~o, and
Storage Project
Site Characterization,
Permitting,, Operation

and Closure

4/9/2008
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Ivent
Proven technology at smaller scale

Chemical solvent, typically
monoethanolamine (MEA)

Similar confi uration to amine



ified ROStoOO

Absorber

Flue Gas
Cooler

Flue Gas

,8&v- 83

To Stack

Pump

Storage
Tank

Heat
Exchanger

Stripper

Steam



Technology under development by
Aistom and EPRI

Similar to amine absorber/stripper, but
operates at lower temperature

Flue gas chilled to 32-50° F for high capture efficiency and low
NH3 emission

Chilling flue gas also reduces volume and increases CO2
concentration (due to H20 removal)

1.7 MW pilot scale plant at We Energies Pleasant Prairie Station
(2008 Operation)

AEP and Alstom announced plans to install 10 MW pilot at
Mountaineer Plant in W. Va.



  anc÷ Comparison

IPP Performance Estimate for COz Capture.

Flue Gas to CO2 Capture, percent
CO2 in Flue Gas from Power Plant, tons per hour (tph)
CO2 Captured, tph
CO2 Captured, percent
CO~ to Atmosphere, tph

Net Power without CO2 Capture, MW
Net Power from PC Units with COa Capture, MW
CO2 emitted, pounds per megawatt-hour (lb/MWh)

Additional Cooling Water Makeup from River, gallons per
minute (gpm)

Amine
68

1,755
958
54.6
797

1,800
1,460
1,092

4,260

Ammonia
70

1,755
996
56.8
759

1,800
1,387

1,094

2,252

4/9/2008



Capital and Operating Costs (2~)~)8 US$)o

Amine
CCC Direct Capital Cost ($million) 1,400
CO2 Transport Direct Cost ($million) 470
Total Direct Cost ($million) 1,870
Owner’ s Cost at 40% of Direct ($million) 748
Total Capital Cost ($million) 2,618
O&M Cost

Fixed ($million/year) 2 2
Variable ($million/year) 29.2 37.5

Ammonia
1,300

470
1,770

708
2,478
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h Ecological isks

No physiological effects up to
1%(10,000 ppm)

1 - 3% adaptation

3 - 5% respiratory rate and
discomfort

> 5% impairment of physical
and mental abilities, loss of
consciousness

> 10% rapid loss of
consciousness, coma, death

Persistent leaks could
suppress respiration in
root zone, result in soil
acidification, lower pH in
aquatic ecosystems

Catastrophic releases (20=30%)
can kill vegetation and animals

B&V- 69 4/9/2008.,



agencies

Different federal, state, and local
materials are captured, handled,
safe and appropriate manner

Environmental Protection
Agency

DOT Office of Pipeline
Safety

Minerals Management
Service

Occupational Safety and
Health Administration

iurisd

agencies responsible for ensuring
transported, injected, and stored in a

Public Utility and Oil & Gas
Commissions

Environmental & Natural
Resource Agency

Department of Transportation

Local Authorities

Planning & Zoning



Classification of CO~
Commodity

Pollutant

Waste

Hazardous / Dangerous

÷ Non-hazardous

’ B&V ~71 ..... ,4/9/2008 ¯



Key Challenges

and ~ pe~ty Ri

÷ Surface

Access

Easements

÷ Subsurface

Minerals

Formations

Pore space

Personal property

Credits

Legal Doctrines

Capture

Eminent Domain

Injuries and Damages

: ’", - : 4/9/2008 " ,
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rivers for se~ime

Need for
Capacity

Existing
Generation

Capacity Mix

Capital Cost
by Technology

itions

Relative Fuel
Prices

Cost of
Capita!

Environmental and
Renewable

Regulations

"4/9/2008
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CO2 avoi ante / a

New combined cycle capacity in place of new coal capacity
New combined cycle capacity coupled with wind generation
in place of new coal capacity
New nuclear capacity in place of new coal capacity
IGCC capacity with capture and sequestration in place of
new coal capacity
New combined cycle capacity to replace existing inefficient
coal eneration
Combined cycle capacity dispatches ahead of existing coal
capacity reducing coal capacity factors
Post-combustion control of existing PC capacity
IGCC with capture in place of new combined cycle capacity

4/9/2008’
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~ 6O

o

~ 2o

BAU- no new coal With ~PP coa! only With 20% renewable energy

BAU - Business as usual with 11% renewables

Assuming all current domestic and imported coal except for IPP is replaced by gas
generation, and renewable generation is increased to 20%, results in CO2 emissions 19%
above the AB 32 cap proposed for 2020.

4;’9/2008
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Comparison

1

Scenario

Modification of PA Air Heater and Seals

Sliding Pressure Operation

VFD Motor for Condensate Pumps

Cycle Isolation Audit and Valve
Repair/Replacement

Upgrade IPT Steam Path

Upgrade BFPT (Blades and Seals)

"High Efficiency Motor for Coal Pulverizers"

LP Turbine Upgrade One Hood

1 Percent Biomass

Amine CO2 Scrubbing

Ammonia CO2 Scrubbing

10 Percent Biomass

10 Percent Natural Gas

20 Percent Biomass

Wind

Hydro

Solar Feedwater Heating

Geothermal Power

Solar Power

CapitaJ
Cost

($1000)

418

0

1,312

120

13,333

2,000

1,360

27,000

1,206

2,619,000

2,479,000

314,280

17,640

549,720

800,000

42,520

135,000

76,500

420,000

Operating
Cost

($1000/yr)

1,100

31,200

37,500

1,300

1,100

1,610

20,700

55O

2,900

6,100

5,800

C02
Reduction
(tons/year)

26,501

14,798

7,734

4,160

41,597

4,245

2,422

40,706

124,000

7,972,000

8,289,000

1,020,000

496,000

1,750,000

988,000

64,000

104,000

102,000

186,000

Levelized Cost of
C02

(S/ton 002)

0

0

0

111

135

136

230
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